Background: Nasopharyngeal carcinoma (NPC) is most common in Southeast Asia. The purpose of this study is to investigate the correlation between wait time and length of radiotherapy and overall survival (OS) of NPC patients in Taiwan. Methods: From Taiwan's National Health Insurance Research Database, this nationwide population-based cohort study identified 3605 NPC patients who received radiotherapy between 2008 and 2011. The impact of time factors on NPC survival rates was estimated with Kaplan-Meier survival curves. A multivariable Cox hazards regression model tested the significance of results after adjustment for other covariables. Results: In all, 317 patients had wait times >4 weeks, 1404 patients had longer duration of radiotherapy (i.e., >10 weeks) and 499 died. Patients with wait times > 4 weeks and length of radiotherapy ≤ 10 weeks didn't have significantly inferior survival. Patients with wait times >4 weeks and length of radiotherapy >10 weeks had significantly lower OS than other groups, with an adjusted hazard ratio of 1.7 (95 % CI, 1.10-2.60). Conclusion: Time was a significant prognostic factor for NPC patients who had both >4 weeks wait times and length of radiotherapy >10 weeks. Patients with wait time > 4 weeks and length of radiotherapy ≤ 10 weeks had a trend toward an inferior survival.
Introduction
Nasopharyngeal carcinoma (NPC) is an endemic malignant disease in Southeast Asia, but uncommon in Western countries [1] . The approximately 1504 cases of NPC diagnosed in Taiwan in 2009 accounted for 1.73 % of all cancer patients that year. The non-viral risk factors include family history, history of chronic rhinitis, consumption of salted fish, alcohol consumption, herbal product use, smoking and occupation exposure [2] . The possible associations, including smoking, EpsteinBarr virus activation and risk of NPC, have been published recently [3] . The standard of care is radiotherapy with or without adjuvant chemotherapy [4, 5] .
There is an increasing interest in associations of treatment delays, duration of radiotherapy and outcomes in head-and-neck cancers. In general, treatment delay may be related to disease progression. The long treatment duration of radiotherapy may also contribute to poor tumor control by facilitating tumor repopulation. A 2008 review article summarized the many findings that treatment delay may be related to poor local control and decreased survival in head-and-neck cancers [6] . In contrast, a Dutch study found better disease-specific survival rates in head-and-neck squamous cell carcinoma patients with a delay of more than 30 days than in those treated within 30 days [7] . These studies mostly focused on head-and-neck carcinoma. Moreover, duration of radiotherapy more than eight weeks may influence the results in NPC [8] . Current evidence suggests that time factors influence treatment outcomes. However, to date, most studies have investigated only treatment delays (i.e., wait times) or duration of radiotherapy individually and few have looked at these in NPC. The potentially synergistic impact on survival in NPC patients of treatment delay and longer duration of radiotherapy is not well established.
We use the nationwide claims data from Taiwan's National Health Insurance (NHI) research database to identify NPC patients treated with radiotherapy alone or with concurrent chemoradiotherapy between 2008 and 2011. This database provides basic demographic data as well as hospital characteristics, patient characteristics, and treatment modality. By determining the effect of treatment delay and longer course of radiotherapy, we hope to help healthcare providers better understand this patient population and the impact of time factors on survival.
Patients and methods

Ethical consideration
This study was approved by the Institutional Review Boards of Kaohsiung Veterans General Hospital and Buddhist Dalin Tzu Chi General Hospital, Taiwan. Review board requirements for written informed consent were waived because all personal identifying information was removed from the dataset prior to analysis.
Study population
The Taiwan NHI Research Database covered 92 % of the population in 1995 and 99 % after 2003. From this data, we identified 5026 NPC patients treated with radiotherapy from 2008 to 2011. We excluded patients who received induction or systemic chemotherapy as the initial treatment except for patients who received chemotherapy within 14 days prior to radiotherapy. Concurrent chemoradiotherapy (CCRT) is a standard treatment for NPC, but radiotherapy is often delayed to allow patient preparation and machines scheduling. Thus, we assumed the above condition as CCRT in this study. We also excluded patients who were treated for a second course of radiotherapy (Fig. 1) . This left 3605 patients who matched the inclusion criteria for this study. From the Universal Deaths Database, we obtained patient death information for the same patient cohort.
Wait times and length of treatment
Wait time was calculated from the date of diagnosis to the first day of radiotherapy. We hypothesized that wait times longer than 4 weeks would be associated with reduced overall survival. Length of treatment was calculated from the first day of radiotherapy to the last day of radiotherapy. Previous studies found that treatment lengths of seven, eight, or nine weeks influence the results in head-and-neck cancers [8, 9] . We used the cutpoint of >10 weeks to define prolonged length of radiotherapy.
Other covariables
Basic data included hospital characteristics (ownership and teaching level), patient gender and age, treatment modality, urbanization and region of patient residence and Charlson Comorbidity Index Score (CCIS). Severity of comorbidity was based on the modified CCIS recorded before the diagnosis of NPC. The CCIS is a widely accepted scale used for risk adjustment in administrative claims data sets [10] . A meta-analysis demostrated that comorbidity was also a prognostic factor in NPC outcomes [11] .
Statistical analysis
The primary independent varialbes in our study were wait time and length of radiotherapy. Death in NPC patients was the event of interest. The Chi-squared test was used to compare the frequency of categorical independent variables. The impact of time factors on NPC survival rates was estimated with Kaplan-Meier survival curves, and differences were assessed by means of the log-rank statistic. A multivariable Cox hazards regression model was used to estimate hazard ratios (HRs) with 95 % confidence intervals (CIs) of death from any cause associated with wait time and length of radiotherapy. All statistical operations were performed using SPSS software (version 15, SPSS Inc., Chicago, IL).
A two-tailed value of p < 0.05 was considered a significant difference.
Results
The study identified a total of 3605 NPC patients treated with radiotherapy alone or CCRT from 2008 to 2011. Table 1 shows the demographic data for patients and hospitals. Most patients were male (75.2 %) Figure 2 showed the distribution of wait time and duration of radiotherapy.
A total of 499 deaths were identified in this cohort. Wait time combined with length of radiotherapy was categorized into four groups: wait time ≤4 weeks and length of radiotherapy ≤10 weeks; wait time >4 weeks and length of radiotherapy ≤10 weeks; wait time ≤4 weeks and length of radiotherapy >10 weeks; and wait time >4 weeks and length of radiotherapy >10 weeks. Kaplan-Meier curve revealed patients with wait time >4 weeks and length of radiotherapy ≤10 weeks, or wait time >4 weeks and length of radiotherapy >10 weeks had lower rate of overall survival than other groups (P < 0.001 by the log rank test) (Fig. 3) .
Multivariable Cox hazards regression analyses revealed that patients who had wait times >4 weeks and length of radiotherapy ≤10 weeks had survival rates not signicant different from those of patients with wait times ≤4 weeks and length of radiotherapy ≤10 weeks. Patients with wait times >4 weeks and length of radiotherapy >10 weeks had significantly lower OS than those with shorter time factors, with an adjusted HR of 1.7 (95 % CI: 1.10-2.60) ( Table 2 ). Patients older than 65 years, those with high CCIS and those who received radiotherapy alone had significantly lower survival rate (P < 0.001). Hospital ownership, hospital teaching level, gender and urbinization were not significantly associated with overall survival.
Discussion
In this study, we found a significant negative impact on survival of time factors only for patients with both prolonged wait times and a prolonged course of radiotherapy. Neither of these adverse factors alone had a significant impact on survival. In others words, if treatment delay can not be avoided because of patient factors, treatment schedules or health policy, healthcare providers should attempt to minimize the radiotherapy treatment time. Hyperfractionated radiotherapy may be considered and would be expected to reduce the interval by approximately one week (i.e., 74.4 and 31 treatment days; 78 Gy and 30 treatment days) [12] [13] [14] . Although some institutions prefer to schedule CCRT followed by adjuvant chemotherapy if chemotherapy is indicated, a strategy to reduce delays in radiotherapy might consider scheduling neoadjuvant chemotherapy after CCRT [15] .
This study has three main strengths. First, NPC is endemic in Taiwan, which permits the collection of a large sample size for valid estimates. Patients are followed in the NHI research database and deaths recorded in the Univeral Deaths Database. Second, the NHI research database captures complete follow-up information of the comprehensive health care with a moderate cost sharing, and records any treatment. It therefore provides an accurate record of NPC rates and treatment in Taiwan. Validation of the NHI research database is regularly evaluated via comparison of chartbased records and claims-based records [16] . Third, the percentage of NPC patients experiencing treatment delays and longer durations of radiotherapy was 8.8 and 38.9 %, respectively. The significance of these clinical observations is worthy of further investigation.
Little evidence has been found to suggest correlations between treatment delays and outcomes for NPC patients. While some studies have investigated the impact of treatment delays on outcome (i.e., local control, survival) for head-and-neck cancer patients treated with primary radiotherapy, their results are controversial. Delaying radiotherapy (>40 days) has a deleterious effect on local control and overall survival in early stage head-and-neck squamous cell carcinoma [17] . To our knowledge, only one published study has shown a Fig. 2 The distribution of wait time and duration of radiotherapy negative impact on survival of treatment delay for unresected head-and neck carcinoma patients. Another study found no effect of delay in the initiation of primary radiotherapy on disease-specific survival in patients with head-and-neck carcinoma [18] . Three studies evaluated the impact of treatment delay on local control [19] [20] [21] . No negative effect of treatment delay was demonstrated for laryngeal carcinoma or T1 nasopharyngeal carcinoma. A recent study investigated the association of treatment delay and prognosis in head-and-neck carcinoma [7] . The study examined 2493 patients treated with primary radiotherapy or adjuvant radiotherapy. After adjustment for age, site, stage, and treatment modality, multivariate regression models revealed that patients with a delay of >30 days had a better disease specific survival than those with no delay, and those with a delay of up to 90 days had no impaired survival.
Some studies have found that treatment time affects outcomes in patients with head-and-neck cancer. Sher et al. [22] analyzed the TAX-324 study to demonstrate that prolonged radiation treatment time was independently predictive of significantly inferior overall survival and local-regional control rate in head-andneck cancer. Moreover, the locoregional failure rate increased by 3.3 % for each day of interruption of radiothrapy, and interruptions of more than 7 days were associated with an 18 % reduction in 5-year survival rates [8, 23] . However, we found that longer treatment times (i.e., >10 weeks) significantly affected survival only for patients who also had longer wait times (>4 weeks, HR = 1.70, p = 0.015). Though we could not know the exact reason of this finding, however, it could be explained that the total duration from diagnosis to the end of radiotherapy was more important than any single factor of waiting time or treatment time.
Our series has several limitations. First, cancer stage was not obtained. In order to exclude patients with distant metastasis, we excluded those patients whose initial chemotherapy and radiotherapy were separated by more than two weeks. This procedure also excluded patients who received induction chemotherapy. Second, we did not know the reasons why patients received radiotherapy alone or CCRT.
Conclusion
Radiotherapy is still the main treatment for NPC patients. Patients in some countries may have longer wait times due to limited availability of radiotherapy facilities or health policy standards. Our study found that time is a significant prognostic factor for NPC patients only among those whose wait time was more than 4 weeks and whose radiotherapy lasted more than 10 weeks. Patients with wait time > 4 weeks and length of radiotherapy ≤ 10 weeks had a trend toward an inferior survival. Future investigations should also examine stage, radiation dose, and the types of chemotherapeutic drugs used.
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